This paper presents an imperfect manufacturing system in which production ability can produce items in m production setups and rework the imperfect quality items in one rework setup. Rework is one of the main issues in reverse logistic and green supply chain to reduce production cost and environmental problem. The aim of this research is to minimize the total inventory cost by determining the optimal cycle time and the optimal number of production setups. The convexity of the inventory model is derived by using mathematical software. The result is illustrated with numerical example for the model. The effects of the problem parameters upon the optimal solution are examined numerically. This model can be applied to optimizing the total inventory cost for the business enterprises where production rate and demand rate are time dependent and salvage value is incorporated to the deteriorated items.
INTRODUCTION:
The Economic Production Quantity (EPQ) model is commonly used by practitioners in the fields of production, inventory control and management to assist them in making decision on production lot size. Many researchers have discussed on the EPQ model for the multi-production setups. But very few of them have discussed on multi-production setups with rework. Rework is common in Semiconductor, Pharmaceutical, Chemical, Food industries, Textile industries, Paper industries, Glass industries, Metal processing industries and Plastic industries. Barketau et al. (2008) ; Buscher et al. (2007) ; Chiu et al. (2007) . Ca´rdenas-Barro´ n, L.E., (2008) presented rework with single stage of production system. Recently, rework process have attracted considerable attention because of the reduction of the natural resources and the rise of cost of the raw material. Rework process play an important role in eliminating waste and effectively controlling the cost of manufacturing in a production system. Therefore, determining optimal lot size in a system that allows rework is a useful objective to minimize the total inventory cost. Rework process reduces energy use and save more natural resources for the future generations. Therefore, the companies are contributing to sustainable development.
In this paper, we consider a multi-production setups and one rework setup. By this EPQ model, it is determined that optimal production setup and optimal production time. Since production process in each production setup is imperfect because of human mistakes, (Drury and Prabhu, (1994) ), non-perfect technology or many other factors, the imperfect items are produced during production period. In order to provide good service to customers, after each production setup, inspection is carried out to screen out the imperfect quality items and the deteriorating items. The imperfect quality items found is stocked separately in an inventory until reach the optimal production setup. The rework process starts immediately after determined production setup ends. The perfect quality items produced in each production setup is stored separately in an inventory and sold to customers immediately. Both perfect and imperfect items are considered as deteriorating items because their values go down with time. After determined production setup ends, the imperfect items are sent to rework. When the waiting time of the imperfective quality items exceeds the deterioration time limit, they cannot be recovered and must be disposed. The rework process manufactures all imperfect quality items as perfect quality items. We assume all imperfect items after rework are considered as new. This perfect quality items are sold to customers to satisfy the demand immediately. Production process with rework setup is shown in Fig. 1 .
The remainder of this paper is organized as follows. In Section 2, we give a literature review. In section 3, assumptions and notations are given. The mathematical formulation for this model is given in section 4. Numerical example and sensitivity analysis are given in Section 5, and conclusions are drawn in Section 6. 
LITERATURE REVIEW:
Economic Production Quantity (EPQ) model is one of the prominent research topics in production, inventory control and management. By using EPQ model, optimal quantity of items and optimal production time can be obtained. Classical EPQ model was developed under various assumptions. Since then, researchers have extended the model by relaxing one or more of its assumptions. It was assumed that the items produced are of perfect quality items in the classical model. However, imperfect quality items may be produced in reality. Wee et al., (2007) ) proposed a production inventory model for deteriorating item with ramp type demand allowing inflation and shortages under fuzziness, in which, multiproduction setup was considered without rework. Chandra et al. (2015) introduced the effect of deterioration on two-warehouse inventory model with imperfect quality items. introduced an EPQ inventory model for non-instantaneous deteriorating item under trade credit policy. Mishra (2007) derived some problems on approximations of functions in Banach spaces. Deepmala (2014) proposed a study on fixed point theorems for nonlinear contractions and its applications.
Rework process is also one of the important issue in reverse logistics where used products are reworked to reduce total inventory cost, waste and environmental pollution. The earliest research that focused on rework and remanufacturing process was done by Schrady (1967) . Since then, researchers on rework have attracted many researchers. Khouja 2014) proposed an economic production model for time dependent demand with rework and multiple production setups where production is demand dependent.
We notice that not many studies considered a model with multi-production setups, imperfect items, rework and salvage value is incorporated to the deteriorated items. In this paper, we intend to providing analytic results to solve the issues said above.
ASSUMPTIONS AND NOTATIONS

ASSUMPTIONS
1. Demand rate of finished products at any time ‫′ݐ′‬ in (0, T) is D(‫)ݐ‬ and assumed to be linearly decreasing. 2. Production rate is demand dependent i. e, ܲ = ‫)ݐ(ܦߣ‬ where ߣ ≥ 1. 3. Rework and deterioration rate are constants. 4. There is a replacement for deteriorated items. 5. Shortages and stock outs are not allowed. 6. The production rate of perfect quality items and rework must be greater than the demand rate. 7. No machine breakdown occurs in the production run and rework period. 8. All demands are satisfied. 9. Inspection cost is negligible when compare with other costs. 10. Setup time for rework process is zero. 11. All the imperfect quality items can be reproduced to good quality. No imperfect quality items occurs during the rework process.
NOTATIONS D(t)
Demand rate (unit/year) P(t)
Production rate (unit/year) P ୰ Rework process rate (unit/year) θ(t)
Deterioration rate (unit/ year) α
Percentage of good quality items m Number of production setup in one cycle Di Total deteriorating units (unit)
Perfect quality items holding cost ($/unit/ year) h r Imperfect quality items holding cost ($/unit/year) Dc Deteriorating cost ($/unit) I1
Inventory level of perfect quality items in a production period I 2 Inventory level of perfect quality items in a non -production period I r1
Inventory level of imperfect quality items in a production period I r2
Inventory level of imperfect quality items in a non -production period
Ir3
Inventory level of imperfect quality items in a rework production period It1
Total inventory level of perfect quality items in a production period I t2
Total inventory level of perfect quality items in a non -production period I t3
Total inventory level of perfect quality items in a rework production period I t4
Total inventory level of perfect quality items in a rework non-production Period TTI ଵ Total inventory level of imperfect quality items in a production period Iv1
Total inventory level of imperfect quality items in m production periods TTI ଶ Total inventory level of imperfect quality items in a non-production period Iv2
Total inventory level of imperfect quality items in m non -production period I v3
Total inventory level of imperfect quality items in a rework setup production period TRI Total inventory level of imperfect quality items IMr Maximum inventory level of imperfect quality items in production setups IEr Maximum inventory level of imperfect quality items when rework process started T 1
Regular production period T 2
Non -production period T 3 Rework process period T4
Rework non-process period TCT Total cost per unit time C Cost per unit γC Salvage value associated with deteriorated units during a cycle time (0 < ߛ < 1)
FORMULATION OF THE M ODEL
The inventory level of perfect quality items in three production setups is shown in Figure -1 . The cycle begins with zero inventory and starts at time t = 0. Production is performed during T 1 time period. Since the production quality is not perfect, a percentage (1-α) imperfect items is assumed to occur during the regular production process (T 1 ) . The amount of imperfect quality items produced per unit time is (1-α)P. The r e w o r k process starts after m -production setups. The rework process is performed in T 3 time period. The Inventory level of perfect items in a production period can be formulated as:
where D(‫)ݐ‬ = ܽ − ‫ݐܾ‬ where ܽ is the intercept and ܾ is the slope of the linearly decreasing demand function. Since I 1 (0) = 0, the inventory level in a production period is
The total inventory in a production up time can be modeled as
For small value of ߠܶ ଵ and using Taylor series approximation, we get
The inventory level in a non-production period is represented by
Since I ଶ (T ଶ ) = 0 and using similar procedure we get the total inventory in a non-production period can be represented as
Since I ଵ = I ଶ when ‫ݐ‬ ଵ = ܶ ଵ and ‫ݐ‬ ଶ = 0, we get the total inventory in a non-production period can be represented as
Using similar steps as above, the total inventory level of perfect quality items in a rework production period and the total inventory level of perfect quality items in a rework nonproduction period time are derived as follows:
Since I ଷ = I ସ when ‫ݐ‬ ଷ = ܶ ଷ and ‫ݐ‬ ସ = 0, we get
The inventory level of imperfect quality items is shown in Figure-2 . The inventory level of imperfect quality items in a production period can be modeled as
Since I ୰ଵ (0) = 0, the inventory level of imperfect quality items in a production period is 
Using Taylor series approximation, the total inventory level of imperfect quality items in a production up time in one setup is
Since there are ݉ production setups in one cycle, the total inventory level of imperfect quality items in one cycle is:
The initial inventory level of imperfect quality items in each production setup is equal to I ୰ and it can be modeled as:
Using Taylor series approximation, we get
The inventory level of imperfect quality items in a non-production period as:
Since the inventory level ‫ܫ‬ ଶ (0) = I ୰ , the inventory level of imperfect quality items in a non-production time for each production setup can be modeled as:
Using Taylor series expansion, the total inventory of imperfect quality items in a production down time in one setup is:
The total inventory of imperfect quality items in m production periods can be modeled as follows: The inventory level of imperfect quality items in a rework period can be formulated as:
The inventory level of imperfect quality item in a rework period is:
The total inventory of imperfect quality items in a rework period is:
Using Taylor series expansion, we get
When ‫ݐ‬ ଷ = 0, the number of imperfect quality items inventory is equal to I ୰ . Equation (24) becomes
Since ߠܶ ଷ ≪ 1 and using Taylor series expansion results in:
Substitute I ୰ we have
The total inventory level of imperfect items is
The number of deteriorating item is equal to the number of items produced minus the number of total demands. The total deteriorating units can be modeled as:
The total inventory cost consists of production setup cost, rework setup cost, perfect items inventory cost, imperfect quality items inventory cost and deteriorating cost. The total inventory cost per unit time can be modeled as follows:
The optimal solution must satisfy the following condition:
And the optimal solution of m, denoted by m*, must satisfy the following condition:
Since the cost function equation (31) is a nonlinear equation and the second derivative of equation (31) with respect to ܶ ଵ is extremely complicated, closed form solution of (31) cannot be derived. However, by means of Maple mathematical software, one can indicate that equation (31) is convex for a small value of ܶ ଵ . The optimal ܶ ଵ value can be obtained using Maple mathematical software. Fig-4 shows that the total cost (TC 1 ) per unit time is convex for small values of T 1 . The optimal total cost is equal to $ 1446.17 when T 1 * = 0.03186 and ݉ * = 3. 
NUMERICAL EXAMPLE AND SENSITIVITY ANALYSIS
In this section, a numerical example and sensitivity analysis are given to illustrate the model. Figure-4 . Fig-4 shows that the total cost per unit time is convex for small values of T 1 . The optimal total cost is equal to $1446.17 when ݉ * = 3.
The sensitive analysis is performed by changing each of the parameters by -60%, -40%, -20%, +20%, +40% and +60%. One parameter is taken at a time and the remaining parameters are kept unchanged. The m and T 1 values for different values of parameters are shown in Table- 1. Table-1 shows that the number of production setup is sensitive to the changes in parameters h s , h r and θ. The number of production setup(m) increases with increasing h s and decreases when the value of parameters h r and θ increase. But the optimal production setup (݉ * ) is not sensitive to other parameters. The optimal production time (T 1 * ) decreases with the increasing P r , a, h r and D c values and it increases when the value of parameters K s , b, γ, h s and θ increase.
The optimal production period for varying parameters is shown in Fig-5 . The figure shows that the optimal production period is sensitive to changes in θ, temperately sensitive to changes in h r and insensitive to changes in the other parameters.
The optimal total cost per unit time for varying parameters is shown in Table-2. The Table-2 shows that the total cost per unit time increases when the value of parameters K s , K r , a, γ increases and decreases when the value of parameters P r , b, D c increases. But there is a fluxuation when changing the parameters h r , h s and θ. The optimal total cost is sensitive to θ, h s , h r and moderately sensitive to changes in a, γ and insensitive to the changes in the other parameters. Fig-6 shows that the total inventory cost per unit time for varying parameters. The total cost per unit time sensitive to changes in the parameters θ, γ, h s and moderately sensitive to changes in the parameters a and b. the inventory cost is insensitive with the other parameters. 
CONCLUSION
This paper deals with an EPQ model for deteriorating/imperfect quality items with linearly decreasing demand and demand dependent production setup. In this model, imperfect quality items are allowed and reworked to maintain as good quality and goodwill of the customers. This model helps to management to determine number of production setup and optimum production time by minimizing the total inventory cost. Sensitivity analysis shows that the number of production setup decrease when holding cost of perfect quality items decreases and holding cost of imperfect quality items increases and also it shows that both the number of production setups and optimum production time are highly sensitive with deteriorating items. Hence the management has to take vital decisions while maintaining inventory with deteriorating items.
A possible extension for further research may consider multi-production setups with partial/complete backordering where holding cost and deterioration rate are time dependent. This approach can also be extended to other problem by considered delay payment, inflation, unit cash discount, stock-dependent demand and single-vendor single-buyer problem.
